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Abstract
In the present study, blast furnace slag in granulated form has been used as a granular fill overlay on soft 
subgrade soil. The effectiveness of geogrid-reinforced granular fill overlay on soft subgrade soil has been
assessed by small scale model tests in the laboratory by evaluating two parameters bearing capacity ratio (BCR) 
and reduction factor. The effect on BCR of strip footing for various lengths of geogird layers in the best 
performing thickness has been observed. Best performing thickness of the granular fill layer has been found by
the parametric study which is not included in this paper. Parametric study has been performed to observe the
effect of length of geogrid layers in granular fill overlay on soft subgrade soil. The test results indicate substantial 
improvement in terms of increase in bearing capacity and reduction in the footing settlement due to provision of 
geogrid in the granular fill overlay on soft subgrade soil. It has been found that b/B ratio of 4 gives substantial
improvement in BCR and beyond b/B ratio of 4, there is no significant improvement in BCR.
© 2013 The Authors. Published by Elsevier Ltd.
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1. Introduction
Geosynthetic-reinforced granular fill-soft soil system is now being used frequently as base for unpaved roads,
shallow foundation, storage tanks, heavy industrial equipment, in embankment fills and car parks. The purpose of 
the fill is to provide a suitable operating surface on which concentrated loads may be carried without the
subgrade failing or deforming excessively. It is now common practice to use layer of geotextile or geogrid at the
base or within the fill layer to improve its bearing capacity by the structural action of geogrid. The behaviour of 
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Nomenclature 
B  Width of the footing.  
b  Length of geogrid reinforcement. 
BCR  Bearing capacity ratio. 
GBS  Granulated blast furnace slag. 
H  Thickness of the granular fill layer. 
IF  Improvement factor. 
h  Vertical spacing between reinforcement. 
ID  Relative density of GBS fill. 
SRR  Settlement reduction ratio. 
s/B  Settlement ratio. 
N  Number of geogrid layers 
PR & Po  Bearing pressure of reinforced and unreinforced GBS overlay on soil bed. 
u  Top layer spacing of geogrid from the bottom of the footing 
qu(R) & qu  Reinforced and unreinforced ultimate bearing capacity 
 
such a system is complex and number of study have been done notably by Giroud and Noiray (1981); Fragaszy 
and Lawton (1984); Love et al. (1987); Verma and Char (1986); Carroll et al. (1987); Mahmoud and Abdrabbo 
(1989); Mandal and Manjunath (1995). 
In most of the previous studies natural sand is used as a granular fill (Binquet & Lee, 1975; Fragaszy & 
Lawton, 1984; Verma & Char, 1986; Mahmoud & Abdrabbo, 1989; Khing et al., 1993; Omar et al., 1993; 
Mandal & Manjunath, 1995; Adams & Collin, 1997; Shin et al., 2002; Dash et al., 2003; Latha & Somwanshi, 
2009; Kumar & Kaur, 2012; Abu-Farsakh, Chen & Sharma, 2013). At present, there is limited availability of 
natural sand in most of the construction sites. Most of the cities are facing acute shortage of good quality natural 
sand and aggregates. Non-availability of conventional materials (natural aggregate and sand) in required quantity 
as granular fill leads to use some other non conventional materials i.e. crushed aggregate, blast furnace slag, fly 
ash etc. Some investigators have used some non conventional materials as fill e.g. crushed aggregate 
(DeMerchant et al., 2002; James & Raymond, 2002) and pond ash (Ghosh et al., 2005; Bera et al., 2005).  
Blast furnace slag is one such material that can be used as fill material. Blast furnace slag is a by product of 
iron/steel industries. Physical and strength properties of granulated blast furnace slag (GBS) is similar to the 
sand. Much attention has not been reported to use the blast furnace slag as granular fill material. Hence, this 
study has been done to evaluate the potential of blast furnace slag in the granulated form as granular fill in place 
of conventional material i.e. natural sand. GBS is collected from the Bhilai steel plant, Chhattisgarh, India. About 
20 million tons unused air cooled blast furnace slag have been deposited nearby the site in the Bhiali steel plant, 
which can be used as granular fill materials after crushing (Chakravarty & Panigrahi, 1996). In this paper, 
laboratory model test results have been presented to observe the effect of the length of geogrid in the GBS 
overlay on soft subgrade soil. 
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2. Experimental investigation 
2.1 Material collection and properties 
The soil used in the study has been collected from Tatibandh-Atari rural road, Chhattisgarh, India. Fig. 1 
depicts the particle size distribution of the soil. Soft state is considered to be the critical condition of the subgrade 
soil. Hence, in this study, soil has been used in the soft state. To evaluate the soft state of the subgrade soil, series 
of unconfined compressive strength (UCS) tests have been conducted on cylindrical samples, prepared at various 
water contents i.e. 5, 10, 15, 20, 25, 30 and 35%. Increase of water content in soil causes decrease in the UCS 
value. Corresponding to minimum value of UCS (i.e. 20.25 kN/m2), 30% water content has been chosen to get 
the soft state of the subgrade soil. The properties of the soil have been obtained in accordance with bureau of 
Indian standard (BIS) and tabulated in Table 1.  
The dry GBS has been used in this study. Particle size distribution of GBS is shown in Fig. 1. The properties 
of the GBS have been obtained as per BIS and tabulated in Table 2.  
Biaxial polyester geogrid has been used as a reinforcement layer. Typical physical and mechanical properties 
. Geogrid has aperture size of 26 
mm and ultimate tensile strength of 30 kN/m in both machine and cross directions. Elongation at maximum load 
and tensile strength at 5 % elongation is 14% and 10 kN/m respectively in both machine and cross directions.  
3. Geometric parameters 
A number of research works have been done to investigate the behaviour of reinforced soil foundations (RSF) 
in last four decades. All these works indicated that the use of reinforcements can significantly increase the 
bearing capacity and reduce the settlement of soil foundations. Fig. 3 shows the geometric parameters for a 
foundation supported by reinforced GBS fill overlay on soft subgrade soil. Width of the footing and thickness of 
GBS fill overlay on soil bed is B and H respectively. There are N number of geogrid layers, each having length 
b u
h  
The magnitude of the bearing capacity for a given foundation, GBS and geogrid will depend on non 
dimensional geometric parameters H/B, b/B, h/B, u/B and N. In order to conduct model tests with geogrid 
reinforcement, it is important to decide the magnitude of H/B, u/B, h/B, N and b/B to derive maximum benefit in 
increasing the ultimate bearing capacity. By conducting the model tests on surface foundations supported by sand 
with multiple layers of reinforcement, it was shown by several previous investigators (Fragaszy and Lawton, 
1984; Khing et al., 1993; Omar et al., 1993; Das et al., 1994; Shin et al., 2002; Dash et al., 2003) that, for a given 
values of h/B, N and b/B the magnitude of bearing capacity increases with u/B and attains a maximum value at 
optimum u/B. For strip foundations optimum value of u/B may vary in between 0.25 to 1. In a similar manner, 
optimum values of N and b/B for deriving the maximum benefit from reinforcement may vary from 5 to 6 and 6 
to 8 respectively for strip foundations (Khing et al., 1993; Omar et al., 1993; Das et al., 1994; Shin et al., 2002; 
Dash et al., 2003). Keeping the above findings in mind and width of the footing used in this study (B = 76.2 mm), 
it was decided to adopt u/B = 0.33, h/B = 0.33 and N = 5 for the present tests. H/B = 2 was determined by varying 
the H/B in the model test in a separate study. In this study only one parameter, lengths of the geogrid 
reinforcement (b/B ratio) results are presented.  
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Fig. 1. Particle size distribution of soil and GBS 
 
Table 1. Properties of subgrade soil 
 
 
Properties Quantity 
Specific Gravity 2.57 
Liquid Limit (%) 43.8 
Plastic Limit (%) 15.9 
Plasticity Index 27.9 
Free Swelling Index (%) 83.0  
Optimum Moisture Content (%) 10.5 
Maximum Dry Unit Weight (kN/m3) 18.7 
Bulk Unit Weight at 30 % Water Content (kN/m3) 17.98 
UCS at 30 % Water Content (kN/m2) 20.25 
Classification as per unified soil classification 
system (USCS) CL 
Table 2. Properties of GBS 
 
Properties Quantity 
Specific Gravity 2.57 
Maximum Dry Unit Weight (kN/m3) 14.53 
Minimum Dry Unit Weight (kN/m3) 11.89 
Average Dry Unit Weight during Model Test (kN/m3) 14.07 
Average Relative Density during Model Test (%) 85.0 
Average Angle of Internal Friction (Degree) 43.0 
Effective Particle Size (D10) (mm) 0.32 
Uniformity Coefficient (Cu) 2.1 
Coefficient of Curvature (Cc) 0.92 
Classification as per USCS SP 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Geometric parameters for a foundation supported by GBS overlay on soft subgrade soil 
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4. Experimental setup 
The model tests were conducted in a test bed-cum-loading frame assembly in the laboratory. The soil beds 
were prepared in a test tank with inside dimensions of 1829 mm length, 305 mm width and 914 mm height. The 
model footing used was made of a rigid steel plate and measured 305 mm length, 76.2 mm width and 25.4 mm 
thickness. Since the inside width of the tank was equal to the length of the model footing, a plane strain condition 
was generally maintained. The base of the model footing was made rough by cementing a thin layer of GBS to it 
with epoxy glue. Mechanical jack-frame arrangement was used to apply load on the soil stratum through the 
footing plate (as shown in Figs. 3 and 4). Two linear variable displacement transducers (LVDTs) have been 
placed on the centre line of the footing at equal distance from both side of the loading plunger for measuring the 
settlement. Settlements have been recorded with the help of data logger during the application of load. 
test was carried out on soil bed without any improvement techniques and the load-settlement behaviour was 
investigated. Thereafter, other tests were carried out on soft soil improved by laying the reinforced GBS with 
different b/B ratio above the soil bed. Summary of the test series conducted has been presented in Table 3. Figs. 3 
and 4 show the schematic diagram and photographic view of the test setup respectively. 
 
Table 3. Summary of the tests series 
 
Test Series Descriptions (Cases)  Variable Parameters  Constant Parameters 
A Soil Bed - Thickness and Density of Soil Bed  
B Reinforced GBS Bed 
Overlay on  Soil Bed 
Length of Geogrid Layers (b/B) 
=  2, 4, 6, 8, 10, 12 
Thickness of Soil Bed, Thickness and Relative Density of 
GBS Bed (H/B = 2.0, ID = 85%), u/B = h/B = 0.33, N = 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Schematic diagram of the test setup 
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                        Fig. 4.  Photogrphic view of the model test setup 
4.1 Preparation of Soil Beds 
In all the tests, identical technique was adopted to prepare the soil bed. The 
wooden mallet and passed through 4.75 mm sieve. To maintain similar properties throughout the tests, soil bed 
was prepared at 30% water content in all the cases. The bulk unit weight at 30% water content was found 
17.98kN/m3. The required weight of soil in each layer was calculated based on bulk unit weight of 17.98kN/m3. 
, polythene sheet was laid on internal walls of the tank to avoid any friction 
between soil and walls of tank and to prevent loss of water. To prepare the test bed, the moist soil was placed in 
the test tank and compacted in 25.4 mm thick layers till the desired height was reached. Drop hammer of weight 
11.5 kg and base diameter 14.0 cm have been used to compact the soil. For each layer the required amount of soil 
to produce a desired bulk density was weighted out and placed in the test tank. The soil was then gently levelled 
out and compacted to proper depth by placing a steel sheet on the surface and hitting the steel sheet with a drop 
hammer, using depth marking on the sides of the tank as guide. Through a series of trials the amount of soil, 
height of fall and number of blows of the drop hammer required to achieve the desired density for each lift were 
determined a priori. A fairly uniform test condition was achieved throughout the test programme by carefully 
controlling the water content and compaction. Each layer was compacted uniformly so as to achieve a uniform 
density in all the test beds. In all the tests the depth of soil bed was maintained at 360 mm. In order to verify the 
uniformity of the test bed, undisturbed samples were collected from different locations in the test bed to 
determine the in situ unit weight, moisture content and unconfined compressive strength of the soil bed. The 
values of these parameters of the compacted soil at different locations of the test tank were found within 3 % 
variation from the parameters of soil at 30% water content.  
4.2 Preparation of GBS Beds 
The tank was filled with GBS over soil bed using raining technique. The height of fall to achieve the desired 
relative density was determined a priori by performing series of trials with different heights of fall. The weight of 
GBS required to form a certain thickness of the bed was determined with the known unit weight of GBS (at 85% 
relative density). For different thicknesses of GBS, the required weight of GBS was calculated and preparation of 
bed was carried out in layers. The relative densities achieved were monitored by collecting samples in small 
aluminium cans of known volume placed at different locations in the test tank. The difference in densities 
measured at various locations was found to be less than 1%.  
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4.3 Test Procedure 
predetermined alignment such that the loads from the loading jack would be transferred concentrically to the 
footing. A recess was made into the footing plate at its centre to accommodate a ball bearing through which 
vertical loads were applied to the footing. The load transferred to the footing was measured through a pre-
calibrated proving ring placed between the ball bearing and the loading jack. Short-term loading test was 
conducted in all the cases. Load was applied in equal increments and each increment of the load was maintained 
at least 1 hour and / or until negligible change in the settlement (rate of settlement less than 0.02 mm/min) was 
observed. Footing settlements were measured at time interval of 1, 2, 4, 6, 9, 16, 25 & 60 minute and every 60 
minutes interval through two LVDTs and data logger having least count 0.01mm placed on either side of the 
centre line of the footing. Loading was applied until the total settlement of the footing attained was at least 20% 
of footing width i.e. 15.2 mm. 
5. Results and discussion 
5.1 Behaviour of Load-Settlement Curve 
The term bearing capacity ratio (BCR) is commonly used to express and compare the test data of the stabilized 
and unstabilized soft subgrade soils. The following well-established definition (Binquet and Lee, 1975) is used 
for BCR: 
 
           (1) 
                     
Where qR and q0 are the bearing capacity for the stabilized (unreinforced and reinforced granular-fill layer 
overlay on the soft soil bed) and unstabilized soft clay bed respectively. The ultimate bearing capacity was 
defined as the tangent intersection between the initial, stiff, straighter portion of the loading-pressure-settlement 
curve and the following steeper, straight portion of the curve (Admas and Collin, 1997). All the test and 
numerical results were interpreted using this approach. For some tests the determination of ultimate bearing 
capacity was difficult to evaluate because there was not a sharp change in the shape of the curve (e.g. Fig 5. and 
curve for b/B = 10). The ultimate bearing capacity in this case was conservatively taken as the intersection of the 
two straight portion of the curve, even though a plunging failure was not reached (Admas and Collin, 1997). 
   Settlement reduction ratio (SRR) is defined as the percentage reduction in settlement due to stabilized case  
relative to the unstabilized case at a constant load (Alwaji, 1998). 
 
           (2) 
 
Where sR and so are the settlement of stabilized and unstabilized soil bed respectively at constant load. 
Settlement ratio (s/B, %) is defined as the ratio of the footing settlement (s) and the footing width (B). The 
improvement factor (IF) is defined as the ratio of bearing pressure of stabilized soil bed (PR) to the unstabilized 
soil bed (Po) at constant s/B = 5%, 10%, 15%, 20%, 25%, 30%. These parameters BCR, s/B, IF and SRR have 
been used throughout this text to assist in expressing and comparing the test results. 
The applied load per unit area and settlement ratio curves for the soil bed and improved soil bed with 
reinforced GBS overlay with different b/B ratio i.e  2, 4, 6, 8, 10, 12 is shown in Fig. 5. BCR and SRR have been 
found using Eq. (1) and (2) respectively. SRR has been found for the two bearing pressures namely at ultimate 
bearing capacity of unstabilized soil bed (54 kN/m2) and at higher than the ultimate bearing capacity of 
unstabilized soil bed (75 kN/m2).  
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Fig. 5. Load-Settlement curve of test series A and B 
 
5.2 Variation of BCR 
Fig. 6 shows the variation of BCR with b/B ratio. The value of BCR increases as increases the b/B ratio and 
significant increase in BCR has been observed upto b/B ratio = 4, after that there is not significant increase in 
BCR. Based on the BCR value, b/B ratio = 4 may be taken as effective length of the geogrid layers. Omar et al. 
(1993) have shown similar resutls form their laboratory model test on strip foundation supported on sand with a 
rigid rough base. 
5.3 Variation of IF 
IF at different s/B have been calculated to compare the bearing capacity of different b/B ratios at various levels 
of settlement. Variation of IF with s/B is shown in Fig. 7. IF decreases as increases the s/B for b/B ratio of 0 
(unreinforced GBS) and 2. This is because of the rate of increase of the bearing pressure of unstabilized soil bed 
is relatively more as compared to b/B ratio of 0 and 2 at corresponding s/B. For other b/B ratios, IF increases with 
increase of s/B. Variation of IF for b/B ratio of 4 to 12 is marginal at corresponding s/B. However, at higher s/B 
(i.e. more than 15%) b/B ratio of 10 shows higher IF than other b/B ratio. 
5.4 Variation of SRR  
The variation of SRR with b/B ratio is shown in Fig. 8. The SRR is increasing upto 67 % and 84 % for the 
unreinforced GBS (b/B = 0) and reinforced GBS at b/B = 2 at ultimate bearing capacity of soil bed. Further 
increase of b/B ratio shows marginal increase in the SRR. Moreover, there is not significant chagnes in the SRR  
for b/B ratio of 4 to 12. Reiforcement action of geogrid increases the SRR from unreinforced GBS to reinforced 
GBS. Extra length of geogrid do not help to produce the effective bond. At high bearing pressure (i.e. 75 kN/m2), 
SRR improves for all b/B ratio than the low bearing pressure (i.e. 54 kN/m2).  
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Fig. 6. Variation of BCR with b/B ratio 
 
                  
Fig. 7. Variation of IF with s/B ratio 
 
 
 
                                  
Fig. 8. Variation of SRR with b/B ratio 
6. Conclusions 
Based on the experimental results the following conclusions can be drawn: 
1. Reinforced GBS bed overlay on soft soil bed improves the load bearing capacity and decreses the 
settlment of the soft subgrade soil bed. Significant increase in the BCR has been observed upto b/B ratio 
of 4. There is no significant improvement in bearing capacity ratio observed beyond b/B ratio of 4. As 
compared to unimproved soft soil bed, 390 % (BCR = 4.9) improvement in load bearing capacity have 
been observed when soft soil bed is improved by geogrid-reinforced GBS bed with b/B ratio of 4.  
2. Geogrid reinforced GBS of b/B ratio 2 increases the SRR as 84 % at ultimate bearing capacity of soil 
bed. Further increase of b/B ratio shows marginal increase in the SRR. There is not significant chagnes 
in the SRR observed beyond b/B ratio of 2.  
3. At higher settlement ratio (i.e. more that 15 %), b/B ratio of 10 shows higher IF than other b/B ratio. 
About five fold increase in IF have been observed at b/B ratio of 10 as compared to the unimproved soft 
soil bed. There is not significant changes in the IF have been observed for b/B ratio of 4 to 12. 
4. Based on the BCR value and economy in the field application b/B ratio of 4 is considered as effective 
length of the geogrid. 
5. The findings of the present experimental study are affected by various factors such as stiffnesss of the 
soft soil, geogrid reinforcement and test conditions. More test with various material properties and test 
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conditions have to be conducted to make general conclusions. 
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